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ric methodAbstract An evaluation of analytical reagent, 2,6-diacetylpyridine-bis-4-phenyl-3-thiosemicarba-
zone (2,6-DAPBPTSC) for traces of Zn(II) in foods and environmental samples by the development
of a simple, sensitive and selective extractive spectrophotometric method was undertaken. It gave a
1:1(M:L) Zn(II)–2,6-DAPBPTSC yellowish orange colored complex at pH 4.5, was easily extract-
able into n-butanol and has shown maximum absorbance at 490 nm. It obeys Beer’s law in the range
of 1.06–13.6 lg mL1 of Zn(II). The molar absorptivity, Sandell’s sensitivity and detection limit
were found to be 0.471 · 104 L mol1 cm1, 0.0138 lg cm2 and 0.0081 lg mL1, respectively.
The correlation co-efﬁcient of the complex (r= 0.985) indicates good linearity between two vari-
ables such as absorbance of complex and amount of zinc. The proposed procedure was applied
to traces of Zn(II) in foods and environmental samples. Results were compared with those obtained
using an AAS and statical validation of the method was tested in terms of Student ‘T’ test and var-
iance ‘F’ test, which indicate the signiﬁcance of the present method.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The heavy metal ions associated with food stuffs are stable
(Ana Maria et al., 2011; Kazi et al., 2010a). This has resulted
in increasing concern about the quality of foods in several
parts of the world. The natural levels of heavy metals are
not harmful to organisms including man. But, higher concen-
trations cause toxicity resulting in adverse health impacts such
as anthropogenic activities in human beings (Moka et al.,
2012). Zinc is an important essential element and its
S272 S. Adi Narayana Reddy et al.determination has become very important owing to the
involvement in some essential metabolic processes (Daniela
et al., 2011; Reddy et al., 2002). It acts as a cofactor in numer-
ous enzymes and plays an important role in protein synthesis
and cell division. It exerts a crucial inﬂuence on maintenance
of cell membrane stability and function of immune system
(Kolachi et al., 2011; Kazi et al., 2010b). One third of zinc in
plasma is loosely bound to serum albumins, remains being
more ﬁrmly attached to a-globulins, with minor fraction com-
plexes in histidine and cysteine (Sarma et al., 2006).
Zinc is seldom present in copper as an impurity, but it is
intentionally added to form a series of industrial alloys. When
it is added in concentrations of 5% or less, zinc acts as a deox-
idizer. The effect of zinc content on the color of the alloy is also
commercially important, because many alloys are used for dec-
orative purposes (Andrade Korn et al., 1990). Zinc is also pres-
ent in many alloys, in a number of pharmaceutical samples and
in airborne particulates, causing environmental pollution. Con-
centration of zinc greater than 5.0 mg L1 which affects the po-
table water nature in alkaline water (Herrador et al., 1987;
Reddy et al., 2007). The deﬁciency of zinc leads to retarded
growth, lower feed efﬁciency and inhibition of the general well
being. The deﬁciency of zinc is also causing ulcers and scaling of
the skin and health of bones and joints. Children in underdevel-
oped countries, who are solely deﬁcient in zinc, fail to mature
sexually. Less severe zinc deﬁciency has been linked to a low
sperm count and infertility (Sarma et al., 2006).
For the determination of Zn(II) at trace levels, there are
several frequently adopted methods using analytical tech-
niques such as AAS, ICP-OES, ICP-MS, X-ray ﬂuorescence
spectroscopy, spectrophotometer, spectroﬂuorimetry, and oth-
ers. Among these, spectrophotometric methods are preferred
because they are economically cheaper and easier to handle,
with comparable sensitivity and accuracy (Chalapathi et al.,
2014; Reddy et al., 2007, 2008, 2009, 2010).
Carbonyl derivatives like hydrazones, thio-and phenylthi-
osemicarbazones are also used for the spectrophotometric as
well as extractive spectrophotometric determination of Zn(II)
(Narayana et al., 2008; Reddy et al., 2007). In the last few years,
much interest has been directed toward the use of chelating li-
gands containing sulfur and nitrogen in analytical studies as well
as in structural studies of metal complexes (Chalapathi et al.,
2014; Narayana et al., 2012a; Sharma and Singh, 2009). Among
various organic analytical reagents containing sulfur andTable 1 Comparisson of the present method with the other spectro
Reagent kmax, nm pH e · 104 L
mol 1 cm1
M
Pyridine-2-
carbaldehydethiosemicarbazone
244 – 0.328 1:
Isatin-b-thiosemicarbazone 402 – 0.029 1:
Benzildithiosemicarbazone 405 9.5 0.42 1:
Methylglyoxalbis (4-phenyl-3-
thiosemicarbazone
445 6.0–8.5 0.21 1:
Cyclohexane-1,2-
dionedithiosemicarbazone
415 1.1–6.6 0.73 1:
2,6-Diacetylpyridinebis-4-
phenyl-3-thiosemicarbazone
490 4.5 0.471 1:nitrogen as donor atoms, thiosemicarbazones occupy a unique
place. These reagents function as good chelating agents and
form complexes with several metal ions, by bonding through
thionate sulfur atom and hydrazino nitrogen atom. In a few
cases, they behave as tridentate ligands and form a bond
through additional co-ordinating groups depending on the nat-
ure of the metal ions. The metal complexes of thiosemicarba-
zones are also showing a variety of biological activities (Arion
et al., 2002; Belicchi-Ferrari et al., 2005; Narayana et al.,
2012b; Otero et al., 2006; Patole et al., 2005). Several authors
critically reviewed the utility of thiosemicarbazones as analytical
reagents for the metal ions (Chalapathi et al., 2014; Garg and
Jain, 1988; Narayana et al., 2012a; Singh and Ishii, 1991).
The literature survey revealed that a number of thiosemicar-
bazones are available for the spectrophotometric and extractive
spectrophotometric determinations of Zn(II). But many of the
thiosemicarbazones are either less sensitive or non-selective
(Balaban et al., 2003; Herrador et al., 1987; Konstantinovic
et al., 2007; Leyva et al., 1972; Reddy et al., 2007). It is neces-
sary to develop an alternative sensitive and selective method for
the determination of Zn(II). Recently, 2,6-diacetylpyridinebis-
4-phenyl-3-thiosemicarbazone (2,6-DAPBPTSC) was used for
the determination of Mo(VI), Cd(II), Cu(II) in foods and envi-
ronmental samples (Reddy et al., 2007, 2008, 2009, 2010). In the
present study the reagent 2,6-DAPBPTSC was used as a com-
plexing reagent for traces of Zn to develop a simple, sensitive
and selective extractive spectrophotometric method. In the
present investigation, we have studied the reactivity of 2,6-
DAPBPTSC with Zn(II) and the results are reported in terms
of its maximum absorbance, pH, molar absorptivity and stoi-
chiometry, which provides the basis for judging the potential
utility of 2,6-DAPBPTSC as an analytical reagent for Zn(II).
Finally, the developed method is successfully applied for the
determination of Zn(II) in foods and environmental samples.
The present method is sensitive and selective in the presence
of masking agents compared with other spectrophotometric
methods for the determination of Zn(II) (Table 1).
2. Materials and methods
2.1. Reagents and solutions
All of the reagents used are of analytical reagent grade, unless
otherwise stated here. Buffer Solutions: Solutions ofphotometric methods for the determination of Zn(II).
:L Remarks Reference
1 Interfere a lot of ions and less
sensitive
Balaban et al. (2003)
1 Less sensitive Konstantinovic et al. (2007)
1 Cu(II), Ni(II), Co(II), Pb(II),
Mn(II), Ag(I) are interfere and
less sensitive
Reddy et al. (2002)
1 Less sensitive and not selective Herrador et al. (1987)
2 Hg(II), Cu(II), Cd(II), Fe(II),
Ni(II), Co(II), V(V) are interfere
and less sensitive
Leyva et al. (1972)
1 Highly sensitive and selective Present method
Zinc determination in foods and environmental sample S2731.0 mol L1 sodium acetate and 1.0 mol L1 acetic acid
(Aldrich, Milwaukee, WI, USA) were prepared in double dis-
tilled water. Suitable portions of these solutions were mixed to
get the desired pH of the solution. Preparation of a standard
Zn(II) solution: standard Zn(II) solution was prepared by dis-
solving 2.085 g. of Zinc(II) chloride (Aldrich, Milwaukee, WI,
USA) in 1000 mL of double distilled water. This solution was
standardized with 8-hydroxyquinoline (Lobachemie Pvt. Ltd.,
India) gravimetrically (Vogel, 1961). The remaining solutions
were prepared by appropriate dilutions of the standard. Prep-
aration of 2,6-diacetylpyridinebis-4-phenyl-3-thiosemicarba-
zone (2,6-DAPBPTSC): 1.60 g of 2,6-diacetylpyridine
(Aldrich, Milwaukee, WI, USA) was dissolved in 30 mL of
absolute ethanol (Merck, India) and mixed in a round-
bottomed ﬂask with 2.20 g of 4-phenyl-3-hiosemicarbazide
(Aldrich, Milwaukee, WI, USA) dissolved in 30 mL ethanol.
The mixture was heated under reﬂux for 3 h and then allowed
to cool at room temperature and kept for 12 h. The crystals
obtained are ﬁltered and washed with cold ethanol and then
recrystallized from ethanol (Reddy et al., 2009, 2010). The
melting point was 152 C. 2,6-DAPBPTSC dissolves in N,N-
dimethylformamide (DMF), acetone and dimethyl sulfoxide
which were purchased from Merck, India. The characteriza-
tion of 2,6-DAPBPTSC was carried out by IR and 1H NMR
spectroscopy. The IR spectrum of 2,6-DAPBPTSC shows
absorption bands around 1485 cm1(C‚S), 1540 cm1
(C‚N), and 3300 cm1 (NH).
2.2. Instruments
A recording spectrophotometer (Shimadzu 2450, Tokyo,
Japan) was employed in photometric studies. A Perkin-Elmer
2380 (Santa Clara, California, USA) atomic absorption spec-
trophotometer (AAS) was employed for the comparison of
the results of samples. A digital pH meter (Elico Li-129, Elico
Ltd., Hyderabad, India) was used for measuring the pH of the
solutions. A Nicolet FT-IR 560 Magna spectrometer (Thermo
Electron Scientiﬁc Instruments Corp., Madison, WI, USA)
using KBr (neat) is used to obtain the infrared spectrum of
the compound (2,6-DAPBPTSC). The Bruker 300 MHz
NMR spectrometer (Bruker Corporation, Billerica, MA) is
used to obtain the 1H NMR spectrum of the ligand.
2.3. Collection of food samples and preparation of their solution
for the determination of Zn(II)
The location of the study, Tirupati is one of the important pil-
grim towns in India and is known over the world. All the food
samples were purchased from the local market. The food sam-
ples were dried in open air to prevent them from mineral con-
centration using small holes containing net. The dried
samples are pulverized to ﬁnely powdered particles in a mortar
for the analysis of Zn(II). 4.0 g of each powdered sample was
taken into a silica crucible, heated to oxidize the organic matter
and brought to ashes in a mufﬂe furnace over a period of 4–5 h.
The ash was further dissolved by heating with 4.0 mL of hydro-
chloric acid (2.0 mol L1), ﬁltered through an acid washed ﬁlter
paper (Whatmann No. 41) and then the residue was once again
washed with hot water (Reddy et al., 2007). The ﬁltrate and
washings were collected in a 10.0 mL volumetric ﬂask, shaken
with 10.0 mL of n-butanol and acetic acid–sodium acetate buf-
fer of pH 4.5. The organic phase was collected into 25.0 mLstandard ﬂask and ﬁnally made up to the mark with n-butanol
and used for the determination of Zn(II) in food samples at
490 nm. The process was repeated four times for each sample
and the results obtained were conﬁrmed by direct AAS.
2.4. Preparation of environmental samples for the determination
of Zn(II)
Different soil and water samples were collected from around
Tirupati. The collected water sample was ﬁltered using a ﬁlter
paper (Whatman No. 41) and then each ﬁltered water sample
was evaporated nearly to dryness with a mixture of 5.0 mL of
concentrated H2SO4 and 10.0 mL of concentrated HNO3 in a
fume cupboard and then cooled at room temperature
(Kandhro et al., 2010, 2009; Khan et al., 2010; Arain et al.,
2008). In order to dissolve the salts the residue was then heated
with 15.0 mL of double distilled water. After cooling the solu-
tion neutralized with dilute NH4OH solution the obtained
solution was ﬁltered into a 25.0 mL standard ﬂask and made
up to the mark with double distilled water.
An air dried soil sample (2.0 g) was weighed accurately and
placed in a 100 mL Kjeldal ﬂask. The sample was oxidized
using an oxidizing agent following the method reported else-
where (Narayana et al., 2008; Kandhro et al., 2010, 2009;
Khan et al., 2010; Arain et al., 2008). The content of ﬂasks
was ﬁltered through a Whatmann No. 41 ﬁlter paper and neu-
tralized with ammonia. Appropriate aliquot of the solution
was transferred into a 25.0 mL standard ﬂask and analyzed
for Zn(II) content according to the recommended procedure.
2.5. Preparation of certiﬁed reference material solutions for the
determination of Zn(II)
About 0.1 g of each sample was dissolved in 10 mL of aqua-
regia. They were heated to near dryness and the nitrate was
expelled from the residue, using 10.0 mL of concentrated
hydrochloric acid. Each residue was extracted into double dis-
tilled water separately and made up to 25 mL in volumetric
ﬂasks.
2.6. Developed general analytical procedure for the
determination of Zn(II)
To an aliquot of a working standard solution containing
1.0 · 105 to 15.0 · 105 mol L1 Zn(II) is added pH 4.5 buf-
fer (2.0 mL), reagent solution (1.0 mL of 1.0 · 103 mol L1).
To this organic and aqueous mixture n-butanol (4.0 mL) is
added, shaken for 2 min and allowed to stand for a few min-
utes and the same was done twice for each sample. The organic
phases are collected and made up to 25 mL with n-butanol,
while its absorbance is measured at 490 nm, against the reagent
blank. The standard deviation (S), relative standard deviation
(RSD), Student F-test and T-test were performed for the statis-
tical evaluation of obtained results.3. Results and discussion
2,6-DAPBPTSC forms a 1:1 (M:L) yellowish orange colored
complex with Zn(II), which is extracted into n-butanol, from
sodium acetate–acetic acid buffer (pH 4.5). The yellowish or-
ange Zn(II)–2,6-DAPBPTSC complex has a maximum absor-
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Figure 2 Effect of pH on Zn(II)–2,6-DAPBPTSC complex:
Zn(II) = 1.0 mL of 1.0 · 104 mol L1; 2,6-DAPBPTSC = 1.0
mL of 1.0 · 103 mol L1 and kmax = 490 nm.
S274 S. Adi Narayana Reddy et al.bance at 490 nm and is stable for 46 h. The conditions for
effective extraction are established after studying the effects
of various factors such as pH, reagent concentration, metal
ion concentration and inﬂuence of diverse ions, in order to de-
velop a sensitive, selective and extractive spectrophotometric
method for the determination of Zn(II) at trace levels.
3.1. Absorption spectra of reagent and Zn(II)–2,6-DAPBPTSC
complex
The absorption spectrum of Zn(II)–2,6-DAPBPTSC complex
was recorded against the reagent blank. Similarly the absorp-
tion spectrum of the reagent (2,6-DAPBPTSC) was recorded
against the solvent blank. The absorption spectra of both the
complex and reagent are shown in Fig. 1. From the absorption
spectra it is clear that the complex and reagent have shown
maximum absorptions at 490 nm and 360 nm, respectively.
The reagent has a minimum absorbance at the maximum
absorbance of the complex, and the reagent does not interfere
with the determination of Zn(II). Hence, further absorbance
measurements of the complex were recorded at 490 nm.
3.2. Effect of pH
To arrive at the optimum pH required for maximum color
development, the effect of pH on the color intensity was stud-
ied. In each case, a mixture containing 1.0 mL of
1.0 · 104 mol L1 Zn(II), 2.0 mL of suitable buffer and
1.0 mL of 1.0 · 103 mol L1 2,6-DAPBPTSC solution was
taken and the aqueous phase was adjusted to 10.0 mL with
double distilled water. It was shaken with 10.0 mL of portion
of n-butanol for 1 min. The organic phase was collected into a
25 mL of standard ﬂask and made up to the mark with n-
butanol. The same procedure was applied for buffers of
different pH values, ranging from 1.0–6.5. The absorbances
were measured at 490 nm, using their corresponding reagent
blanks. A plot was executed between the pH and the absor-
bance, and the same was represented in Fig. 2. The plot shows
that there is maximum absorbance and constancy in the pH
range 4.0–5.0 Hence, pH 4.5 is chosen for further studies, con-
sidering this as an optimum pH.200 300 400 500 600 700
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Figure 1 (A) Absorption spectrum of 2,6-DAPBPTSC; (B)
absorption spectrum of Zn(II)–2,6-DAPBPTSC complex:
Zn(II) = 1.0 mL of 1.0 · 104 mol L1; 2,6-DAPBPTSC =
1.0 mL of 1.0 · 103 mol L1 and pH = 2.0 mL of pH 4.5.3.3. Effect of solvents
The effect of various solvents such as isoamylalcohol, cyclo-
hexanol, chloroform, toluene, benzene, n-butanol, carbontet-
rachloride, ethyl acetate, butyl acetate, xylene, tributyl
phosphate, n-propyl alcohol and methylisobutylketone on
the extraction of Zn(II) with 2,6-DAPBPTSC was studied
adopting the procedure for registering the effect of solvent.
Among the various solvents studied, n-butanol is selected as
the suitable solvent, because of the maximum absorbance of
metal complex resulting from its greater extraction ability.
3.4. Applicability of Beer’s law
Various aliquots containing different amounts of Zn(II) rang-
ing from 1.0 · 105 to15.0 · 105 mol L1 (1.36–20.40 ppm),
2.0 mL of pH 4.5 buffer and 1.0 mL of 2,6-DAPBPTSC re-
agent (10.0 · 104 mol L1) solution were taken and their vol-
umes adjusted to 10.0 mL with double distilled water. The
aqueous phases were shaken with n-butanol in each case and
the organic phases were collected into 25 mL standard ﬂasks.
The organic phases were made up to the mark with n-butanol.
The absorbance of all the solutions was recorded at 490 nm,
against their corresponding reagent blanks. A graph was plot-
ted between the amount of Zn(II) and its absorbance (Fig. 3).
It can be observed from the graph that a linear plot passing
through the origin obeys Beer’s law in the concentration range
1.06–13.60 lg mL1of Zn(II). The molar absorptivity of the
complex is calculated and noted as 0.471 · 104 L mol1cm1
and Sandell’s sensitivity of the complex is 0.0138 lg cm2.
The correlation coefﬁcient value of the Zn(II)–2,6-DAP-
BPTSC complex, with an independent variable as concentra-
tion in lg mL1 and a dependent variable as absorbance, is
found to be 0.985. This indicates a satisfactory linearity be-
tween the two variables.
3.5. Ringbom’s plot for Zn(II)–2,6-DAPBPTSC complex
Ringbom’s plot is a standard adopted to know the optimum
range of the concentration for a system, which emaciates
Beer’s law. The plot is drawn between logC of Zn(II) and
0 2 4 6 8 10 12 14 16 18 20 22
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
A
bs
or
ba
nc
e
Amount of zinc(II) in ppm
Figure 3 Applicability of Beer’s law to Zn(II)–2,6-DAPBPTSC
complex: Zn(II) = 1.0 mL of 1.0 · 105 to 15.0 · 105 mol L1
(1.36–20.40 ppm); 2,6-DAPBPTSC = 1.0 mL of 10.0 · 104 mol
L1; pH = 4.5 and kmax = 490 nm.
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Figure 5 Job’s method of continuous variation: [Zn(II)] = [2,6-
DAPBPTSC] = 1.0 · 103 mol L1; pH= 4.5 and kmax = 490 nm.
Zinc determination in foods and environmental sample S275(1  T) [where T is the transmittance]. The plot has a sigmoid
shape with a linear segment at intermediate concentration val-
ues ranging from 3.6–4.1 lg L1. The slope of the plot from
Fig. 4 is 0.666. Based on this value at 1% photometric error,
the ratio between the relative error in concentration and the
photometric error is 3.457. Hence, the relative error in concen-
tration is 0.034.
3.6. Precision, accuracy and detection limit of the method
To assess the precision and accuracy of the method, determi-
nations were carried out for a set of ﬁve measurements, with
different concentrations of Zn(II), under optimum conditions.
The resulted data indicated that the standard deviation of the
method was not more than 0.001 and the relative standard
deviation was less than 0.697%. It is evident from these results,
that the method is precise, besides being accurate. The detec-
tion limit is determined as the amount of Zn(II) corresponding
to three times the standard deviation of the blank values and a
value of 0.0081 lg L1 is obtained.3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
0.0
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Figure 4 Ringbom plot for Zn(II)–2,6-DAPBPTSC complex:
Zn(II) = 1360–20400 lg L1; 2,6-DAPBPTSC = 1.0 mL of
10.0 · 104 mol L1; pH = 4.5 and kmax = 490 nm.3.7. Determination of the composition of Zn(II)–2,6-
DAPBPTSC complex
Job’s method of continuous variation, molar ratio method and
Asmus’ method were employed to elucidate the composition of
the complex.
Equimolar solutions of Zn(II) and 2,6-DAPBPTSC
(1.0 · 10–3 mol L1) were used to determine the metal to li-
gand ratio by job’s method of continuous variation. The
absorbance values were recorded at 490 nm against their corre-
sponding reagent blanks. The corresponding graph drawn be-
tween absorbance and VM/VL + VM (where VL and VM are
the volumes of the reagent and the metal, respectively) is
shown in Fig. 5. From the graph, it is observed that one mole
of Zn(II) reacts with one mole of ligand showing the composi-
tion of metal to ligand complex as 1:1.
In the molar ratio method, different aliquots containing
1.0 mL of 1.0 · 103 mol L1 Zn(II), 2.0 mL of sodium ace-
tate–acetic acid buffer (pH 4.5) and varying concentrations
(0.25 · 103 to 2.0 · 103 mol L1) of 2,6-DAPBPTSC were0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
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Figure 6 Molar ratio method: Zn(II) = 1.0 mL of
1.0 · 103 mol L1; 2,6-DAPBPTSC = 1.0 mL of 0.25 · 103 to
2.0 · 103 mol L1; pH = 4.5 and kmax = 490 nm.
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Figure 7 Asmus’ method: Zn(II) = 1.0 mL of 1.0 ·
103 mol L1; 2,6-DAPBPTSC = 1.0 mL of 0.25 · 103 to
2.0 · 103 mol L1; pH = 4.5 and kmax = 490 nm.
S276 S. Adi Narayana Reddy et al.used to determine the metal ligand ratio. The absorbances of
the solutions were recorded at 490 nm against their respective
reagent blanks. A plot (Fig. 6) is drawn between the absor-
bance and the concentration of the reagent. From the obtained
curve, it is conﬁrmed that one mole of Zn(II) complexes with
one mole of 2,6-DAPBPTSC.
For Asmus’ method the data obtained from the molar ratio
method was used. 1/m values (where ‘m’ is extinction modulus)
were calculated by dividing the optical density with the cell
width, along with 1/V, 1/V2 and 1/V3. The plots between 1/m
and 1/V, 1/V2 and 1/V3 are indicated in Fig. 7. Among theTable 2 Effect of foreign ions on the extraction of Zn(II)–2,6-DAP
Tolerance limit,
lg mL1
Foreign ions
5500 As(III), As(V), Mn(I
3500 Hg(II), Bi(III), Be(II
2000 Fe(III), Fe(II), Ni(II
1500 Citrate and borate
Note: 10. 0 lg mL1 Zn(II) concentration was used in the above study.
Table 3 Determination of Zn(II) in leafy vegetable food samples.
Samples AAS method Prese
Amount of Zn(II) a found, lg g1
Kakara (Monordica charantia) 42.57 42.56
Vepaku (Azadirachta india) 10.57 10.56
Neredu (Syzygium cumini) 25.57 25.55
Elikachivi yaku(Merramia quinquefolia) 17.17 17.14
Potato (Ipomea batatas L.) 52.02 51.05
Chinta (Tamarindus indica) 35.04 36.01
Pappu kura (Portulaca oleracea) 23.20 23.52
Thotakura (Amaranthus gangeticus) 54.62 55.05
Chukkaku (Rumex vesicarius) 93.42 92.49
a Average of 8 determinations.plots between 1/m and 1/V, 1/V2 and 1/V3, the only plot be-
tween 1/m and 1/V is linear indicating that the composition
of the complex is 1:1 (M:L).
3.8. Calculation of instability constant of Zn(II)–2,6-
DAPBPTSC complex
The instability constant of Zn(II)–2,6-DAPBPTSC complex
was calculated by using Asmus’ method. The absorbance val-
ues were obtained at 490 nm for the solutions containing ﬁxed
volumes of Zn(II) (1.0 mL of 1.0 · 103 mol L1) and 2.0 mL
of pH 4.5 buffer with different known volumes of 0.25–
2.0 mL of 1.0 · 103 mol L1 of 2,6-DAPBPTSC. The instabil-
ity constant of Zn(II)–2,6-DAPBPTSC complex is calculated
to be 1.149 · 103 at room temperature.
3.9. Effect of foreign ions on extraction of Zn(II)–2,6-
DAPBPTSC complex
Interference of a number of cations and anions was studied on
the color absorbance of the Zn(II)–2,6-DAPBPTSC complex.
A change in absorbance of ±0.0025 was taken as the tolerance
limit of interference ions. In respect of some interfering ions,
an increased tolerance limit is achieved by the addition of
masking agents such as thiosulfate, citrate, acetate and tartate.
Increasing the amount of masking agents proportionately
could mask a higher amount of interfering ions. In this study,
cations like As(III), As(V), Mg(II), Mn(II), Zr(IV), Sb(III),
Ca(II), Sr(II), Ba(II), and Tl(III) do not interfere, when present
up to 5500 lg mL1 and cations like Bi(III), Hg(II), Be(II),
Th(VI), U(VI), Al(III), and V(V) are tolerated up to
3500 lg mL1, but Co(II), Cu(II), Ni(II), Fe(II), Fe(III),BPTSC complex.
I), Mg(III), Ca(II), Sb(II), Sr(II), Ba(II), Zr(IV) & Tl(III)
), Th(IV), U(VI), Al(III), V(V), Thio-Sulfate, Thio-Urea & Fluoride
),Cu(II), Co(II), Cd(II),& Mo(VI)
nt method Present method
SD RSD (%) F-Test T-Test
0.13 0.31 1.45 1.19
0.16 1.52 1.43 1.19
0.12 0.47 1.17 2.59
0.02 0.12 1.26 3.39
0.20 0.39 1.54 2.54
0.18 0.49 1.63 1.95
0.26 1.11 1.89 2.34
0.13 0.24 1.56 2.47
0.19 0.21 1.74 3.26
Table 4 Determination of Zn(II) in environmental samples.
Sample Amount of Zn(II)a found Present method
AAS method Present method SD % RSD F-test T-test
Soil sample locationb
Pudi 25.04 25.06 0.08 0.32 2.05 1.35
Rangampet 23.08 23.10 0.02 0.09 2.14 1.98
Chandragiri 24.15 24.13 0.16 0.66 1.97 2.45
Yerpedu 23.25 23.40 0.19 0.81 2.05 2.67
Ranigunata 25.06 25.05 0.18 0.72 1.98 1.78
Water samplesc
Well water 0.95 0.94 0.01 1.06 1.89 2.05
River water 0.87 0.90 0.014 1.55 2.24 2.89
Sea water 1.25 1.26 0.02 1.59 1.97 1.99
Tap water 0.85 0.87 0.017 1.95 2.16 2.06
a Average of 8 determinations.
b Amount of Zn(II) found in lg g1.
c Amount of Zn(II) found in lg mL1.
Table 5 Determination of Zn(II) in certiﬁed reference materials.
Certiﬁed reference material Zn(II)a in mg kg1 Present method
Certiﬁed value Present method SD RSD (%) F-test T-test
Tomato leaves (NIST 1573) 62.0 61.90 0.17 0.27 1.97 2.89
Citrus leaves (NBS 1572) 29.0 29.05 0.25 0.86 1.73 1.98
Whole milk powder (NIST SRM 8435) 28.8 28.90 0.18 0.62 1.69 2.05
a Average of 8 determinations.
Zinc determination in foods and environmental sample S277Cd(II) and Mo(VI) do interfere with the determination of
Zn(II), when present in more than 2000 lg mL1. The interfer-
ence of Cu(II) can be eliminated by using 1.0 mL 0.2% thiosul-
fate as a masking agent. Fe(II) and Fe(III) are masked with
1.0 mL of 3% of sodium ﬂuoride. The interference of Cd(II)
and Pd(II) can be eliminated by using 1.0 mL of 0.5% of cit-
rate solution. The interference of Co(II) and Ni(II) can be
eliminated by using 1.0 mL 0.2% thiocyanate as a masking
agent. Anions like, bromide, chloride, ﬂuoride, thiosulfate
and thiourea do not interfere when present up to
3500 lg mL1, with the determination of zinc(II) in the meth-
od. Oxalate and phosphate interfere, even present at trace
amounts. These results are given in Table 2.
4. Applications
The developed extractive spectrophotometric method for
Zn(II) was applied for its determination in real samples such
as vegetable (foods), soil, water and standard alloy samples.
4.1. Determination of Zn(II) in foods
The foods like kakara (Monordica charantia), vepaku (Aza-
dirachta india), neredu (Syzygium cumini), Chinta, Totakura,
Potato and elikachivi yaku (Merramia quinquefolia) samples
were analyzed for Zn(II) using the proposed method. The
content of the Zn(II) present in the solution was determined
by using a calibrated plot and results obtained were con-
ﬁrmed by the direct atomic absorption spectrophotometer.The data obtained in the analysis of food samples are given
in Table 3.
4.2. Determination of Zn(II) in environmental samples
The aliquot of environmental samples was analyzed for Zn(II)
using 2,6-DAPBPTSC adopting the recommended procedure.
The amount of Zn(II) present in the samples were computed
from the calibrated plot. These results were then compared
with AAS and the values are shown in Table 4.
4.3. Determination of Zn(II) in certiﬁed reference materials
The present method was applied for the determination of
Zn(II) in certiﬁed reference materials, such as Tomato leaves
(NIST 1573), Citrus leaves (NBS 1572) and Whole milk pow-
der (NIST SRM 8435). The results are presented in Table 5.
The resulted data indicated that the proposed method was
more accurate and suitable for the determination of Zn(II) in
various samples.
5. Conclusions
The survey of the literature reveals that many thiosemicarba-
zones and few phenyl thiosemicarbazones are utilized for the
determination of Zn(II). Studies upon the use of 2,6-
DAPBPTSC as an analytical reagent are however limited.
The present investigations were carried out in view to test
the potentiality of 2,6-DAPBPTSC as a complexing agent for
S278 S. Adi Narayana Reddy et al.traces of Zn(II) and its subsequent determination by the
extractive spectrophotometric method. When comparing the
reported methods, the present method was more sensitive
and selective for the determination of Zn(II) in the presence
of associated metal ions. The selectivity of this method was en-
hanced by using masking agents for Ni(II), Pd(II), Mo(VI),
Cu(II), Cd(II), Fe(III) and Co(II). Finally, it is established that
this method is suitable for the determination of Zn(II) in foods
and environmental samples.References
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